A limnological survey over 12 months was made of Western Springs, a small urban lake which has had an explosive growth of macrophytes in recent years. Seasonal data given for the lake include physical, chemical and biological factors. These are presented in an attempt to elucidate the reasons for the very high primary productivity exhibited by this ecosystem.
INTRODUCTION
This study was part of a research programme to design a method of controlling excessive growth of aquatic weeds in a small urban lake. This report is restricted to the limnological aspects of the study; its applications to weed control are discussed in Johnstone (1969a) . Most of the field work was completed during the 12 months preceding August 1968.
Western Springs, latitude 36°52'S, longitude 174° 43'50" E, is a permanent, spring-fed, freshwater lake impounded' by lava flows and situated between the Auckland residential suburbs of Westmere, Grey Lynn and Point Chevalier (Fig. 1) . The lake is approximately 8 acres (19.8 ha) in extent and is situated in a shallow depression at the edge of a basalt lava flow from Mt Eden. It was formed as a result of activity by this volcano probably about 50,000 years ago (Searle 1964 ) and can thus be classified as type 19a according to the classification of Hutchinson (1957) . During the middle of the 19th century the water from the lake was used to provide power for a flour mill and also in a wool scouring factory. From 1879 until 1937, when pumping was discontinued, the lake was one of the main water supplies for the City of Auckland. In the early 1960s landscaping of the lake shore was commenced and concomitant with this was an explosive increase in the growth of floating and submerged aquatic macrophytes in the lake.
Three adventive aquatic macrophytes form the bulk of the plant biomass in the lake; Egeria densa Planch., Elodea canadensis Michx., and Salvinia herzogii De la Sota {see Johnstone 1969b)*, all probably as discards from aquaria. The native aquatics in the lake comprise only a small fraction of the total biomass.
Previous studies on Western Springs are those of Elliot (unpublished 1966) on the saprolegniacean population, and Chapman et al. (1957) .
*Further work in Rhodesia suggests that this is not the species involved in either Australia or New Zealand (pers. comm. Dr D. S. Mitchell).
PHYSICAL FACTORS METHODS
Readings were taken weekly (at 0900 h Thursdays) except for certain parameters which were studied more effectively by sampling over a 24-hour period once a month (hereafter referred to as "24 hour surveys").
In December 1966 the lake was free from Salvinia, except for Tennis Court Bay, and most of the lake was accessible by dinghy and a series of representative sampling stations were selected (Fig. 2) . Rapid growth of Salvinia during the summer of 1967-68 rendered parts of the lake inaccessible (viz Stas D, E, G), and some measurements were thus discontinued, also, Sta. D was moved over the months towards Sta. C, and Sta. H replaced Sta. G for some measurements. These sampling stations were used for physical, chemical, and biological measurements.
Rainfall was recorded weekly with a standard 8-in. diameter rain gauge. Evaporation from the lake surface was measured by a tin evaporimeter (138 cm 2 ) at Sta. J. The effect of the Salvinia sudd on evaporation was estimated by setting up five aquaria (vol. 10 litres, surface area 600 cm 2 ) in the lake at Sta. D, with Salvinia covering different fractions of the surface area in each.
Water currents were recorded by injecting a concentrated solution of Rhodamine dye into the water at Stas B, C and E, 5 cm and 50 cm below the surface with a hypodermic needle. A mechanical water speed recorder (No. 468 Pigmy Flow Meter, G. M. Mfg Co.) was also used, to determine the volume of water moving over the spillway at Sta. A and into the lake from the springs at Sta. FV Weekly wind speeds were observed using a Cassella M 140-142 anemometer 2 m above ground level at Sta. J. Wind direction and turbulence of the lake surface were recorded at the same time. The latter was estimated on an arbitrary scale (0 to 5).
Surface light intensity was measured weekly at Stas J, C and G and/or H with a Weston Mk II light meter. At monthly intervals an EEL model light meter was used to determine light penetration into the lake over a 24-hour period. Otherwise a secchi disc of standard dimensions and colours (Welch 1948 ) was used.
Weekly maximum and minimum air and water temperatures were recorded with Zeal mercury maximum and minimum thermometers. Spot air temperatures were taken weekly with a Trophy clinical mercury thermometer, and at monthly intervals air temperatures over a 24-hour period were recorded using a Casella thermograph. Weekly spot and monthly 24-hour surveys of water temperatures were taken using an Atkins thermister calibrated to 0.01 °c. 
RESULTS

HYDROLOGY
The rainfall for Western Springs was found to follow that recorded during the same period by the Auckland Meterological Office at Albert Park, which is 2.6 miles (4.17 km) to the NE {see Fig. 1 ). More rain fell at Western Springs (129.47 cm) than at Albert Park (119.17 cm) during the 12-month period but the difference is not significant (F s < Fo. os [i, si] = 4.04, P > 0.05). It was caused mainly by two cloud-bursts during April 1968 that fell at Western Springs but passed to the west of the city (Fig. 3) .
Evaporation at Sta. J was almost the inverse of rainfall; evaporation is up to six times greater during the summer than during the winter {see Fig. 3 ). Because the evaporimeter was not constructed to standard specifications valid comparisons with other areas cannot be drawn, although the total recorded (101.40 cm) is similar to published data for the North Island (Finkelstein 1961) . In August 1967 and February 1968 a duplicate evaporimeter was placed in the lake at Sta. C. Evaporation was, at both times, just over 10% less on the lake than on the land.
The experiment to investigate the effect of the sudd on the evaporation rate was made during the first two weeks of November 1968. The sudd reduces the total water loss, although evaporation is complemented by (Fig. 4) . This reduction is probably due to Salvinia protecting the water surface from the effect of the wind.
The rate of inflow (from Sta. F, measured at Sta. Fi) drops slightly during the summer. Although the inflow measured is 2-3 times the outflow {see Fig. 3 ), the actual inflow must be much greater as there are springs all along the SW shore whose rates of flow could not be determined. A 60-cm drop in lake level during weed control operations was completely reversed in 10 hours (at night) following replacement of the weir boards at Sta. A. This is equivalent to an inflow rate of approximately 50m 3 .minr 1 , i.e., 4-5 times the inflow from Sta. F alone. This would suggest that there was a greater rate of inflow during this period due to the lower head of water, or that under normal conditions there is a loss of water from the lake not accounted for by evaporation or the outlet at Sta. A. The mean outflow (from May 1967 to November 1967) was 5.88 nr'.min.-1 , which gives a total "flushing period" of 10.5 days. 
HYDROMECHANICAL DATA
Wind direction measured at Sta. J differs significantly from that recorded at Albert Park ( x 2 > xVoos m = 20.278, P < 0.005). This difference (Fig. 5 ) is caused by greater shelter from prevailing winds at Western Springs than at Albert Park. The wind velocity (mean 2.61 m.min.-1 ) is low, but had data been obtained in the afternoons it would probably have shown a higher mean. The turbulence of the lake's surface is related to wind velocity and to the area of open water, i.e., the more area that was covered by Salvinia the less turbulence there was.
At wind speeds below 60 cm.s" 1 the surface water movement was away from the springs towards the weir; at a depth of 1 m no currents were observable (except at Sta. B where there was usually a slight movement towards Sta. A). At wind speeds above 60 cm.s 1 , movement of dye was controlled by the wind direction at all stations.
There are, then, no strong directional currents in the lake, and only a very weak, mainly surface movement, related to the inlet at Sta. Fi and the oulet at Sta. A. Thus the water mass at Western Springs can be considered a closed ecosystem.
SOLAR RADIATION
The amount of light reaching the surface of the lake is related to the season, and around the edge of the lake to whether or not Salix was in leaf. In open situations the controlling factor was the degree of cloud cover (34 out of 53 sampling days had more than 50% cover when the readings were taken). Light absorbancy of the water was about 10% per m. The amount of light reaching the bottom at Sta. C during 24-hour surveys varied with the sun's altitude, the cloud cover and, especially, the turbulence of the lake surface. The secchi disc was always visible on the bottom during daylight hours at Sta. C. This high degree of clarity, which results from the low density of the phytoplankton population, means that aquatic macrophytes can photosynthesise throughout the water column.
TEMPERATURE
The extreme monthly variation in air temperature is greater at Western Springs than at Albert Park (minimum: F s > F o .o<n n, 12] -18.6, P < 0.001; maximum: F s > F 0 . «05 [1 , 12] = 11.8, P < 0.005) (Fig. 6 ). The mean monthly maximum and minimum (from weekly data) are also significantly higher and lower at Western Springs than those at Albert Park, probably because Western Springs is in a valley protected from sea breezes. Only two frosts were recorded during the sampling period; however, during 1966 several frosts occurred (B. S. Parris pers. comm.) which resulted in considerable damage to Salvinia. The maximum and minimum temperatures are shown in Fig. 6 as these are biologically more important when considering survival of the aquatic macrophytes; the mean, being a statistic of location, is thus of little significance. The data for weekly variations in water temperature at Sta. C revealed a much greater range at 10 cm (5.6-30.0°c ) than that at 2 m (7.9-18.9°c) (Fig. 7) . The monthly maximum temperatures at 10cm were significantly higher than those at 2 m (F B > F o .ooi u> 121 = 18.6, P < 0.001), but the minimum temperatures are not significantly different (F s < F,,. O 5 11,12] = 4.75, P > 0.05). The means exhibit the same pattern; the means for the maxima are significantly different whereas the means for the min:ma are not.
Weekly spot temperatures depended mainly on the prevailing weather and the time of the day. However, the surface water just below the Salvinia sudd was generally warmer than that at the open water Sta. C; the temperature of the spring water (Sta. F) was very constant (15.6-15.9°c), and the water temperature under Salix along the SW shore was variable, depending on whether it was recorded near the shore (Sta. G) where there are springs present, or near the open water where the water is shallow and rapidly warmed by the sun.
The 24-hour surveys (Figs 8, 9) showed that there was a large fluctuation in surface water temperature during all seasons except winter. Because of warming and cooling of the surface layers, the lake became homothermous twice daily in spring and autumn, and thus no true thermocline was established. Fluctuations were greater in the Salvinia sudd than in the open water areas; thus, during the day, the temperature at 10 cm was sometimes 8°c higher than at 2 m, but this state was reversed at night. The largest temperature change with depth occurs from open surface water down into the Egeria bed (Fig. 10) . The water us : ng a Radiometer Copenhagen pH meter with glass electrodes. The nitrogen ions were determined within 48 hours, and the remainder during the following week. The spectrophotometer used in all analyses was a Hilger Watts H700 Uvispek model. All absorbancies were read using 2 cm silica cells.
The concentration of the bivalent calcium ion was determined by the compleximetric method using EDTA as the titrant and ammonium purpurate in sodium chloride as the indicator (Welcher 1963 , Mackereth 1963 . 50 ml samples of lake water were used, and the EDTA solution was standardised against analar calcium carbonate (Welcher 1963) .
Nitrate analysis of 2 ml samples was done by the colorimetric brucinesulfanilic acid method of Welcher (1963) . The percent absorbancy was determined at a wavelength of 410 pm.
Nitrites were determined colorimetrically also, using the sulfanilic acid/alpha-naphthylamine method of Welcher (1963) . A 50 ml sample of lake water was used. The standard sodium nitrite for calibration was standardised against N Na 2 S 2 O 3 . The colour absorbancy was read at 520 [ i m.
Ammonia was determined by direct nesslerisation of a 50 ml sample and the colour development read spectrophotometrically at 410 «m after 30 min. (Welcher 1963) . A standard calibration curve was obtained using standard NH 4 C1.
The stannous chloride (Deniges) method was used to estimate soluble ortho-phosphate (s-phosphate) (see Rigler 1968) . The blue colour complex was extracted with benzene-isobutanol (American Public Health Association 1960) and read at a wavelength of 690 ^m. 50 ml samples of lake water were used. 250 ml samples in 250 ml plastic boitles were analysed for silicate by the ammonium molybdate method of Welcher (1963) . The absorbancy of the yellow silicomolybdate complex was determined at 410 /xm.
Total iron was analysed spectrophotometrically using the 1,10 phenanthroline method of Welcher (1963) , and the absorbancy was read at 510 m i l. Sodium and potassium were estimated using the flame spectrophotometer attachment of the Hilger Watts spectrophotometer.
Dissolved oxygen was determined by the Winkler technique (Mackereth 1963) . The modifications suggested by Ohle (1953) , (see also Mancy and Jaffe 1966) , were used in September 1968 to estimate whether the "iodine-difference" modification or a change in acid would give significantly altered results.
RESULTS
The calcium level remained fairly constant during the sampling period, ranging from 1.0-2.0 mg.H, there was no significant difference between (he spring water and the water at the weir (F s = 1.498 < F o . o5 ll3l2 ] = 4.75, P > 0.05).
Nitrate ranged from 0.3 to 4.4 mg.H. The concentrations in the weir water were up to 10 times higher than those in the spring water. The 2 mg.H rise in late April (Fig. 11 ) could have been caused by the larger number of ducks using the lake during the shooting season. The spring water only once contained a trace of nitrite, but it was consistently present in the weir water ranging from 0.030 mg.h1 during the summer to 0.066 mg.h1 during the winter. Ammoniacal nitrogen displayed a similar distribution to nitrite nitrogen (see Fig. 11 Iron concentrations were consistently low at both sampling stations, ranging from 0.05-0.30 mg.H (see Fig. 11 ). The 24 hour survey (June 1968) did not reveal any diurnal fluctuations, nor any differences between the surface and bottom samples.
Only three analyses of sodium and potassium were completed, but they revealed no differences between the spring and weir water. Potassium ranged from 1.5-2.6 mg.H, and sodium from 2.0-3.0 mg.H. The dissolved oxygen in the spring water ranged from 2.5 to 3.1 mg.h 1 (monthly spot data). This was lower than the concentrations in the lake surface water (except during weed cut t ing), but generally higher than the levels at Sta. C at 2 m. Variations between the lake surface stations were also evident: the concentration of oxygen is considerably reduced under the Salvinia sudd, especially during the summer; the deviations between Stas A and C were usually small and could be attributed to differences in turbulence, and hence aeration. The 24-hour surveys revealed considerable daily fluctuations in the dissolved oxygen of the surface water. This variation was much greater during the summer months (Fig. 12) . The maximum dissolved oxygen is reached during the late afternoon or early evening. Diurnal variations in the samples from Sta. C at 2 m depth are not significant (F K = 1.318 < F 0 . 05 na, 132, = 1.83, P > 0.05) ihough significant changes occur seasonally (F s = 40.859 > F ( ). 0o , tu , i32j = 3.11, P < 0.001). The oxygen regime is klinograde, and reflects the eutrophic environment.
A comparison of results of changes in the Winkler procedure made in September 1968 is presented in Table 1 with the relevant statistical information. The "iodine-difference" method gave results significantly higher (by 1-2 mg.h1) than the standard method; thus there was a considerable amount of oxidising matter in the water at that time, but whether this holds true throughout the year is unknown.
BIOTIC FACTORS METHODS
QUALITATIVE SAMPLING
Phytoplankton was collected at monthly intervals and zooplankton every 2 months with a 200 mesh/in. (8 mesh/mm) plankton net that was towed between Stas B and C. One part of the sample was preserved with Transeau's solution, a second with formalin (for identification of dinoflagellates), and a third was left unpreserved for immediate identification of chrysomonads.
During February 1968 and August 1968 epiphyte succession was studied using glass slides suspended vertically and horizontally at Sta. C at 10 cm depth (Cooke 1956 , Castenholz 1961 , Kevern et al. 1966 . Vascular plants were listed, and their distribution mapped at three monthly intervals. Sudd development was observed monthly in Tennis Court Bay. Weekly estimations of the numbers of waterfowl present were made.
QUANTITATIVE SAMPLING
Phytoplankton was collected in a 500 ml Lunz sample bottle at Sta. C at 10 cm depth. The sample was preserved by adding 5 ml of 1% KI/1 Z solution. The plankton was allowed to settle, by gravitation, for 4-5 days in a 500 ml bottle. 480 ml of supernatant were then siphoned off, the residue agitated und transferred to a glass vial where the cells ¿K, were again allowed to settle. Supernatant was pipetted off to bring the volume to 5 ml. The residue was agitated and the phytoplankton was then counted under a binocular microscope using half a Palmer-Maloney counting chamber (vol. 0.2 ml). Individual cells of colonial and filamentous species received a count (except Cyanophyta), and the results were expressed as cells.ml" 1 . Seasonal sampling and 24-hour surveys were carried out.
Chlorophyll a was sampled at Sta. C at 10 cm depth. A 2 litre sample was used for analysis. This was filtered using Whatman glass fibre paper (GF/A), extracted with 95% acetone (with MgCO 3 added to prevent acidity and subsequent phaeophytin formation), and then incubated in the dark for 24 hours at -5°c to complete extraction (Schwoerbel 1966) . The percent absorbancy was determined using a Hilger Watts "Uvispek" spectrophotometer at 665-/tm (chlorophyll a), 645 ^m (chlorophyll b), 630 ,um (chlorophyll c) and 710 /¿m (impurities). The relationship given by Parsons and Strickland (1963) was used to determine the chlorophyll a concentration. Seasonal sampling and 24-hour surveys were carried out.
3. PRODUCTIVITY Productivity of the euplankters was measured by correlation with oxygen changes in the lake and was estimated monthly using the classical light/dark bottle method of Gaarder and Gran (Ryther 1956 ). The Winkler bottles were suspended at Sta. C at 10 cm depth for two hours (1200 to 1400 h in all instances). These experiments were continued to see if there was an increase in phytoplankton productivity following the weed cutting in July/August 1968.
To estimate the primary productivity of the whole lake, and, by correlation with the light/ dark bottle experiments, that of the macrophytes, the diurnal oxygen curve was determined at monthly intervals, using the Winkler method for dissolved oxygen analysis (see also oxygen in "Chemical Factors").
Attempts by scuba diving to cut measured areas of weed were unsuccessful, because the clouds of mud stirred up by cutting obscured all vision. The growth rate of these plants was estimated by removing all the weed from an area of m 2 with a rake from a dinghy, 2, 4, and 5 months after it was cut by a weed-cutting machine in July. The weed was spun dry in a washing machine and then weighed to obtain the fresh-weight (Edwards and Owens 1960) , following which it was dried at 105°c to a constant weight.
The growth rate of Salvinia was measured using 1 m 2 floating quadrates of 6" XI" timber covered with wire netting to deter birds from perching on them. Two were positioned in the open water (Sta. C). and two in the shade (Sta. G). 10 g (wet weight) of tertiary leaved Salvinia were used as initial material. Eight week experimental runs were made in June-July 1967, October-November 1967 and January-February 1968.
RESULTS
Seventy-four species of algae were recorded from the lake during the study period (Appendix 1). Twelve species previously recorded in the lake by Chapman et al. (1957) were not observed. Of those found in the lake, 42 are new records for the locality, and eight of these are apparently new records for New Zealand (Chapman et al. 1957 , Thomasson 1960 , Flint 1966 , Segar 1967 , Haughey 1968 , Cassie 1969 . Epiphytes, filamentous types and nannoplankton are well represented, whilst the larger euplankton is poorly represented. This is characteristic of small lakes with large waterfowl populations. The zooplankton identified from five samples during 1968 are listed also in Appendix 1. Most are typical of the lit toral zone rather than open water situations.
The pattern of epiphyte succession recorded on the glass slides was similar in summer and winter, but the rate of colonisation was slower during the winter. The first algae to become established were Cocconeis spp. appearing 3-5 days (summer) after the slides were placed in position. The next colonists were Coleochaete spp., Oedogonium spp. and Stigeoclonium spp. (4-8 days) , while Synedra spp. followed at a slower rate. At the end of two weeks the Cocconeis spp. almost covered the slide. Subsequently (2-4 weeks) the horizontal slides collected a range of species such as Apiocystis brauniana Naeg., Spirogyra majuscula Kuetz. and Gomphonema constrictum Ehr. This secondary flora was much less marked on the vertical slides. Several of the secondary species were previously unrecorded for the lake.
The aquatic macrophytes present in the lake proper are listed in Appendix 1, but the grasses, rushes, sedges and herbaceous dicotyledons growing in the swamps are not listed. Several aquatic macrophytes occur in the creeks near the lake, but do not occur in the lake itself. These include Lagarosiphon major (Ridley) Moss, Potamogeton cheesemanii A. Benn., and Aponogeton distachyus L. Considerable changes in the distribution of the dominant aquatic macrophytes occurred during the period November 1966 to January 1969 (Fig. 13) . These changes can be attributed to water weed control operations, the presence of Salvinia shading the submerged species and the apparently aggressive growth of Egeria. The reduction in Elodea during this period and its replacement by Egeria is possibly the most important change observed.
Salvinia sudd succession and development is shown schematically in Fig. 14 for areas of open water where stabilised mats formed above manure beds of Elodea and Egeria. These had the effect of reducing wave action, and immobilising the free-floating Salvinia, whose roots became tangled in the tops of these submerged macrophytes. The situation is analogous to that at Kariba (Rhodesia) where the sudd primarily developed in areas where branches of the drowned forest were emergent or just submerged (Boughey 1963) . In small inlets and bays on Lake Kariba, where wind and wave action was reduced to a minimum, sudd development occurred regardless of the presence of submerged aqua'.ics. In Western Springs this "edge development" is limited because of wave action and loss over the weir, but in a closed lake (e.g., many of the West Coast dune lakes) sudd development proceeding from the shore could probably cover the whole lake without help from submerged objects.
The waterfowl population remained fairly constant at the following level :
Black swan (Cygnus atratus) 50 Pukeko (Porphyrio melanotus stanleyi) 30 Grey duck {Anas superciliosa) 50 Seagulls (Larus spp) 500 =p However, the duck population increased during the shooting season to about 300 birds.
Seasonal fluctuations of the total number of algae cells per millilitre are shown in Fig. 15 . There were never more than 5 X 10 2 cells.ml" 1 , and the only time the water was coloured as a result of phytoplankton growth was during November 1967 when a large amount of decaying Melosira varians Ag. was present.
Seasonal chlorophyll a fluctuations (see Fig. 15 ) follow the phytoplankton numbers fairly closely. Significant variations in phytoplankton density at the different sampling stations (Sta. A, Sta. C at 10 cm and 2 m, Greater numbers of Cocconeis and other epiphytes were usually in the samples collected from Sta. C at 2 m and Sta. D as it was impossible to avoid knocking epiphytes from the macrophytes at these stations.
Variations of the more important euplanktonic species are given in Fig. 16 , which does not reflect the true situation since the epiphytic diatoms Synedra and Cocconeis, and various filamentous species (notably Melosira and Rhizoclonium) were always present and were usually collected in relatively large quantities in the plankton net. A bloom of Spirogyra majuscula Kuetz during August 1968 occurred approximately one month after weed cutting was finished, and resulted in large clumps of algae, from 1 0-40 cm in diameter, floating just below the surface all over the lake. There was no similar event during the preceding year. The phytoplankton and chlorophyll a both fluctuated during 24-hour surveys from 10 cm below the surface. Both rose at night to a peak in the early morning, but because only four experiments were completed it is not possible to say whether or not this is a permanent characteristic of the lake (Fig. 17) .
Primary phytoplankton productivity ranged from 0.002 to 0.017 mgCl^.h" 1 (Fig. 18) . In spring and summer, when macrophyte growth is maximal, the oxygen concentration in the light bottle was considerably reduced compared with that in the lake during the same period, indicating that the macrophytes were supplying most of the oxygen to the ecosystem. The experiments during weed cutting showed a marked decrease in the overall oxygen level of the lake even though the phytoplankton productivity rate was 4-5 times greater than at the same time the previous year. The oxygen produced by the massive Spirogyra growth at this time could not be measured directly and is thus a component of the "macrophyte/epiphyte" growth rate. Without this bloom an even more negative rate would have been obtained for the macrophytes (see Fig. 18 ). The increase in phytoplankton productivity rapidly fell off once Egeria and Elodea again became established.
By considering the phytoplankton productivity rate in relation to the diurnal oxygen curve it was possible to obtain an estimate for the productivity of the macrophytes plus attached and epiphytic algae in the lake {see Fig. 18 ). On this basis the "macrophyte/epiphyte" productivity ranged from 0.16 mg C'l"" 1 .^1 to 0.9 mgC'T'^.h-1 (ignoring anomalies due to weed cutting operations).
The data obtained by harvesting the macrophytes after recolonisation in a previously "bare" area following weed cutting is given in Table 2 . A growth rate of just over 7.2 kg (wet weight) .m~2 .month~L occurred. Such a large growth rate would probably not have taken place during this period if there had been an existing large standing crop. At its maximum growth rate, Salvinia almost doubles its weight in seven days (Fig. 19) . Growth in the shade and during the winter is much slower than in the open during the summer. The growth rates of Salvinia in the field (0.112g.g-1 .day-1 ) are not nearly as high as those obtained in the laboratory (0.310 g.g-'.day-1). This is probably because the field temperatures at Western Springs are generally lower than the optimum of 25°c for Salvinia (Johnstone 1969a ) DISCUSSION The shallowness of Western Springs Lake allows submerged aquatics to grow across its entire basin, as if in a "pond" type of habitat. This appears to have an over-riding effect on the total ecology of the environment. The lake is very eutrophic; however, this is not manifested, as in many larger lakes, by cyanophycean blooms, but in the explosive growth of several vascular plants. The complete removal of these macrophytes would, however, rapidly lead to an algae-dominated situation as exemplified by the Spirogyra growth following weed cutting. Thus, any attempt to control either macrophytes or algae in the lake would probably be ineffectual because there is sufficient inflow of nutrients from the springs and the waterfowl to support massive alga (or Salvinia) growth; the sediments are apparently rich enough to support continued growth of the attached macrophytes, although nutrients could eventually become depleted and limit growth if the weeds were harvested regularly.
The rate and direction of the eutrophication process in Western Springs is still to be determined, but this study indicates that the lake's status is not static. ACKNOWLEDGMENTS I wish to thank Professor V. J. Chapman, under whose supervision this study was completed, for his critical reading of the manuscript. This study was supported in part by a grant from the Auckland City Council Parks Department. 
